Introduction
Christie [2] , Kempf [9, 10, 12] , Rodriguez [16] and Thorensen [20] have used the Grosse-Kempf nail and refer to breakage occurring in its proximal third where there is a change in the design from unslotted to slotted. Kempf considers that the breakage is due to overloading [9, 12] , but Wiss [22] and Franklin [3] attribute it to the use of small nails and excessive body weight. Franklin also concludes that breakage is due to the sum of the flexion forces operating on the nail.
The paper reports a study of the type of forces which most affect the nail and the site of their greatest application.
Material and methods
The computer used was a 486, 50 MHZ, with 8Mb RAM and a finite element method (FEM) called COSMOS.
We carry out a geometric model consists of the GrosseKempf nail with available elements in the programme GEOS-TAR. We have produced a geometric mesh by dividing each of the surfaces into small fragments. The elements are triangles whose apices are called nodes. The programme makes the required calculations with a bookstore of elements which chooses SHELL3T, a thin triangular plaque, and determines the assigned thickness in every model: 1 mm, 1.5 mm and 2.5 mm. These are distributed in the upper unslotted part of the nail 2.5 mm, in the lower clover leaf section of the nail 1 mm, and in the remainder 1.5 mm.
We have removed the curvature in the model of the nail and have assigned to it an angle of 6.3°with a radius of 4000 mm. The material used is steel with a Young's modulus of 2.1 × 10 4 kg/mm 2 and Poisson's coefficient of 0.35.
We carried out a static linear analysis observing the tensions and displacements occurring in the nail. Different experimental models have been studied with the nail locked at the most distal hole (Fig. 1) allowing the remainder to be free and different loads are applied to the most proximal part of the nail. These include:
The results produce data in kg/mm 2 in tension. In every experiment we studied the distribution of tension in the anterior and posterior part of the nail, and in detail the upper anterior part with only a change in thickness and in the posterior part where there is a change in thickness and geometry. 
Results
The results are shown in Table 1 and establish that tension changes in the upper one third of the nail at the junction of unslotted to slotted zones. This is most apparent in the posterior part where there is a change in thickness and section compared to the anterior part where there is only a change in thickness. We have also confirmed that the torsional forces are applied where support of the nail is most important (Fig. 1 -4) .
Discussion
The method of finite element analysis which we have applied to the Grosse-Kempf nail is that currently used in the study of the resistance of materials [5, 6, 13 -15, 17] . The study has covered the flexion, compression and torsional forces which would be present during walking. The nail has been studied in space and not inside the bone, so we are cautious in extrapolating the results to a clinical situation.
We have simulated a dynamic assembly with distal locking to the level of the distal screw and increasing the points of fixation of the nail would multiply the tension without contributing to their distribution. These tensions have been observed throughout the anterior and posterior part of the nail including the zone of transition from the unslotted to the slotted part, where most authors have reported breakage occurring [2 -4, 12, 16, 20] . This is an area where the material becomes thicker in the anterior and posterior parts and the design is changed in the posterior part.
In all our experiments, there has been a sudden change in tension in the transition between zones 1 and 2 which mostly occurs in the posterior part coinciding with the change of section and thickness.
The most important applied force is that of torsion which occurs between zones 1 and 2. Our results agree with those reported by Johnson [7] and Tencer [18, 19] who studied different methods of fixation of midshaft and subtrochanteric femoral fractures and concluded that the Grosse-Kempf was most affected by torsional forces.
There are, therefore, two improvements in the design of the nail which are desirable. Firstly, it should be of uniform thickness. Secondly, the slotted posterior part should be eliminated which would increase resistance to torsional forces, but the reduced elasticity of the nail might add to the risk of comminution of the fracture during nailing.
The forces of compression and flexion during load transmission are well tolerated by the nail, but torsion increases on walking and is maximal when the unaffected leg is off the ground [8] .
Our results indicate that full weightbearing should not be allowed after insertion of the GrosseKempf nail until the fracture is consolidated [9, 11] , although others do not agree with this [1, 21] .
